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Purpose: This article reviews our experience with internal carotid artery dissection (ICAD), 
evaluates the usefiflness of Duplex scanning in diagnosis, provides current recommenda- 
tions for treatment, and better defines long-term prognosis. 
Methods: The records from 1976 to 1995 of 24 patients who had 28 ICAD were reviewed. 
All diagnoses were confirmed by arteriography. Presenting symptoms, diagnostic tests, 
clinical management, and outcome were examined. 
Results: Nine patients had visual symptoms or headache, 10 had transient focal neurologic 
symptoms (TIA), and five had stroke. Five of the 19 who had visual symptoms or TIA had 
a stroke before the diagnosis of ICAD. Seventeen patients who had 19 ICAD underwent 
a Duplex scan at the time of presentation. Duplex scan identified 18 arterial abnormalities 
consistent with ICAD (sensitivity, 95%). Three patients died from stroke during the initial 
hospitalization. Of the 21 who survived, 12 were treated with anticoagulation therapy, six 
with aspirin, and three with aspirin and anticoagulation therapy. None of the 21 pat ients  
had a subsequent s roke. Six patients ubsequently had an operation for residual occlusive 
disease or aneurysm. The mean duration of follow-up was 9.3 years. Two patients 
developed contralateral ICAD. During follow-up, 19 arteries were studied with Duplex 
scan, and seven had no residual evidence of ICAD. 
Conclusions: Patients who have ICAD often have prodromal symptoms before stroke. I f  
diagnosed early, treatment with anticoagulation may prevent stroke. Duplex scans are 
accurate for defining carotid abnormalities consistent with ICAD and for indicating the 
need for arteriography. Patients should undergo a follow-up Duplex scan to identify 
contralateral ICAD. (J Vase Surg 1996;24:597-607.) 
Spontaneous dissection of  the internal carotid 
artery (ICAD) has become an increasingly recognized 
cause of stroke, primarily in young patients. This 
increased awareness reflects both more understanding 
about the natural history of the disease and improve- 
ments in diagnostic tests) Nevertheless, ICAD re- 
mains relatively infrequent, and most clinicians have 
little experience with the condition. Since Ehrenfeld 
and Wylie 2 reported on 19 patients in 1976, there 
have been few recent reports on carotid dissection, 
and most have involved small numbers of patients 
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with limited follow-up. Our current study was under- 
taken to review our experience with ICAD, to report 
on the usefulness of Duplex scans in the diagnosis of 
ICAD, to provide current recommendations for 
evaluation and treatment, and to better determine 
long-term prognosis. 
PAT IENTS AND METHODS 
The records of  patients who were treated by the 
authors at Cedars-Sinai Medical Center in Los Ange- 
les for ICAD from 1976 through 1995 were re- 
viewed. Diagnosis in all cases was made by arteriog- 
raphy. All arteriograms were obtained within 24 hours 
of the clinical diagnosis, and usually within 6 hours. 
Patients who had normal-appearing carotid arterio- 
grams or those who did not undergo arteriography 
and patients who had a history of cervical trauma were 
excluded. No patient with a normal-appearing arte- 
riogram had a Duplex scan (Acuson 128, Acuson 
Corporation, Mountain View, Calif.) suggesting 
ICAD. 
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Table I. Demographic nformation--24 
patients 
Risk factor Number Percent 
Hypertension 5 21 
Hyperlipidemia 3 13 
Cigarette use 4 17 
Cardiac disease 2 4 
All patients were on a private vascular surgical 
service. Diagnostic and therapeutic decisions were 
made on an individual basis by the attending surgeon, 
usually in consultation with a neurologist and an 
interventional radiologist. Patients who were treated 
with aspirin usually began taking medication after the 
diagnosis of ICAD, and treatment was continuous 
thereafter. Patients who were treated with anticoagu- 
lation received intravenous heparin, adjusted to 
maintain the partial thromboplastin time (PTT) be- 
tween 60 and 90 seconds, followed by sodium war- 
farin. The heparin was begun after a diagnostic 
arteriography and was continued until the warfarin 
was therapeutic. 
Follow-up clinical examinations were performed 
by either the vascular surgeon or the neurologist. 
Follow-up Duplex scans were not available on pa- 
tients who were treated uring the early years of this 
study but are now used routinely to monitor the status 
of the affected artery. Follow-up arteriography were 
usually reserved for individuals in whom new or 
recurrent symptoms developed, patients in whom 
contralateral ICAD was suspected, and patients who 
had occlusive or aneurysmal changes in the internal 
carotid artery (ICA) in which operation was consid- 
ered. Two patients underwent a routine follow-up 
arteriographic s an at the discretion of the attending 
neurologist. 
RESULTS 
During these 19 years, we treated 24 patients (14 
male, 10 female) who had 28 ICAD. The patients had 
a mean age of 46 years (range, 34 to 69 years). One 
ICAD also involved the common carotid artery 
(CCA), and no patient had a simultaneous or subse- 
quent vertebral artery dissection. Eighteen dissec- 
tions (64%) involved the left carotid artery and 10 
(36%) the right. Risk factors for cerebrovascular 
disease are shown in Table I. No patient had a history 
of fibromuscular dysplasia. 
When they first sought medical attention, ten 
patients (42%) had a transient hemispheric neurologic 
deficit (TIA) and eight patients (34%) had ipsilateral 
eye symptoms including oculosympathetic palsy (pro- 
sis and miosis), amaurosis fugax, or eye pain. One 
patient (4%) had headache and nausea lone, and five 
patients (21%) had stroke without prodromai neuro- 
logic symptoms. Overall, fifteen of the nineteen 
patients (79%) who did not initially have a stroke had 
a headache or neck pain. On physical examination, 
three patients had a carotid bruit on the side of the 
dissection, and none had significant peripheral vascu- 
lar disease. An aneurysm of the ICA developed in 
eight patients (33%). 
Five patients had a stroke after the onset of 
symptoms but before arteriography and before the 
diagnosis of ICAD. Two of these five initially had eye 
complaints, two had a TIA with complete resolution, 
and one had a headache and nausea. The time interval 
from the onset of symptoms to the occurrence of a 
stroke in these five patients was less than 24 hours in 
one patient, 24 to 36 hours in two patients, 5 days in 
one, and 10 days in one. None of these five patients 
began aspirin or anticoagulation therapy before 
stroke. All 10 patients who either initially had or 
developed a stroke had a computed tomographic s an 
that showed cerebral infarction. No patient had an 
intracranial hemorrhage. For the 14 patients who did 
not initially have a stroke or develop a stroke during 
the initial hospitalization, the duration of symptoms 
before diagnosis was less than 24 hours in four 
patients, 1 to 3 days in four patients, and more than 
3 days in six patients. 
Four patients (17%) had bilateral carotid dissec- 
tion, two. diagnosed simultaneously and two during 
follow-up. For the two patients who had bilateral 
ICAD, one had an ipsilateral stroke and the other had 
ipsilateral eye symptoms and a headache. In each case 
the contralateral ICAD was asymptomatic and was 
identified by arteriography. Both patients were 
treated with anticoagulation alone, and neither devel- 
oped neurologic symptoms on either side during 
follow-up. Both patients in whom an ICAD devel- 
oped during follow-up had a TIA from the new 
dissection. 
After the initial onset of symptoms, 17 of the 24 
patients (71%) were evaluated with Duplex scan. In 
all cases, the Duplex scan was obtained within 24 
hours after the diagnosis was suspected. Because two 
patients had bilateral carotid dissections at time of 
initial presentation, 19 ICAD were potentially iden- 
tifiable at the initial duplex evaluation. Duplex scans 
accurately identified nonatherosclerotic arterial ab- 
normalities in 18 of the 19 vessels, for a sensitivity of 
95%. Nine arteries showed a tapering of the ICA 
lumen distal to the bulb consistent with complete 
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occlusion or severe stenosis. Nine arteries had a 
membrane crossing the vessel lumen, the demonstra- 
tion of two lumens, or an intimal flap overlying 
intramural thrombus. Doppler spectral analysis 
showed high-resistance waveforms with a reduction 
in ICA velocity compared with the contralateral side. 
In these 18 arteries, the findings were interpreted as 
suggesting ICAD (Fig. 1). 
All 24 patients, including the seven patients who 
did not undergo a Duplex scan, had the diagnosis of 
ICAD confirmed with contrast arteriography per- 
formed by an interventional _radiologist. Arterio- 
graphic findings of ICAD included ICA tapering with 
distal occlusion (Fig. 2), an intimal flap (Fig. 3), 
segmental occlusion (Fig. 4), severe ICA stenosis 
(Fig. 5), or the presence of dual lumens. In addition, 
arteriography identified eight ICA aneurysms. No 
patient had contralateral carotid stenosis. There were 
no arteriographic complications. 
During the initial hospitalization, three patients 
died from stroke after the diagnosis of ICAD but 
before the initiation of treatment. Of the 21 patients 
who survived the initial insult, 12 were treated with 
anticoagulation alone, six with aspirin, and three 
with aspirin and anticoagulation. Of the 15 patients 
who received warfarin, two were treated for 2 months, 
nine for 3 months, two for 4 months, and two for 6 
months. In each case, treatment was started after the 
diagnosis of ICAD. No patient developed bleeding 
after the initiation of pharmacologic treatment, no 
patient had progression ofneurologic deficits, and no 
ischcmic infarction was known to have converted to a 
hemorrhagic stroke. 
Follow-up was available on the 21 patients who 
survived the initial hospitalization and ranged from 
13 months to 18 years (mean, 9.3 years). Two patients 
died from non-stroke-related causes, and the other 
19 patients are currently alive. Of these 19 patients, 
seven survived astroke during the initial hospitaliza- 
tion, and five of the seven had persistent neurologic 
deficits, three major and two minor. Two patients 
made a complete functional recovery. 
Of the 12 patients who did not initially have a 
stroke or develop a stroke during the initial hospital- 
ization, none had a stroke during follow-up. Con- 
tralateral ICAD developed in two patients. One 
patient had a TIA 10 years after the initial ICAD, was 
treated with aspirin, and has had no further symp- 
toms. The other patient initially had a stroke with 
good recovery and then had a TIA 9 months later. He 
was treated with anticoagulation medication and 
aspirin and died 4 years later of a myocardial in- 
farction. 
During follow-up, six patients underwent opera- 
tion for persistent arterial abnormalities. Two patients 
were treated for residual occlusive disease. One of the 
two had carotid endarterectomy (CEA) 1 month after 
the dissection. The artery occluded after surgery, but 
the patient, who had initially had a stroke and then 
made a good recovery, did not develop further 
neurologic deficits. The other patient underwent 
extracranial-to-intracranial bypass (EC-IC) 4 years 
after ICAD, and although the graft occluded after 
surgery, the patient remained asymptomatic during 
follow-up. 
Four patients underwent operation for an ICA 
aneurysm from 6 months to 5 years after diagnosis of 
ICAD. Two patients had ICA ligation, one had 
EC-IC bypass, and one underwent aneurysm resec- 
tion with vein graft interposition. No patient had 
progression of a preexisting ncurologic deficit or 
development of a new stroke. 
Follow-up Duplex scans were obtained on 19 
arteries. These scans were obtained from 2 to 6 
months after the initiation of treatment. Sixteen of 
these arteries were imaged by a Duplex scan before 
treatment. At follow-up, 12 of the arteries howed 
persistent disease, and seven had resolution of the 
previously identified abnormality. 
DISCUSSION 
Since the first report of a spontaneous dissection 
of the ICA by Jentzer 3 in 1954, ICAD has been 
increasingly recognized as a cause of stroke, particu- 
larly in young individuals. ~,4,s One study found ICAD 
to be responsible for 10% to 20% of strokes that occur 
in these patients. 4,6 The overall incidence of ICAD is 
unknown but is likely to be higher than that reported 
because some individuals who have ICAD may be 
asymptomatic and therefore never identified, and 
others may have a fatal stroke and the cause not 
determined. 7 Furthermore, some symptomatic pa- 
tients may not be accurately diagnosed if appropriate 
radiologic studies are not ordered, or if studies are 
obtained after the resolution of arterial changes. 
Several predisposing factors for ICAD have been 
identified, including Marfan's yndrome, cystic medi- 
cal necrosis, type IV Ehlers-Danlos syndrome, fibro- 
muscular dysplasia, and trauma. 4,s-~° None of these 
conditions, however, were known to be present in any 
of the patients in our review. Although other authors 
have reported a familial tendency, 4 no patient in our 
study had a relative who had known ICAD. In our 
experience and the reports of others, atherosclerosis is 
an infrequent finding, n and known cardiovascular 
risk factors were present in a minority of individuals. 2 
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Fig. 1. A, Doppler waveforms from patient with spontaneous ICAD. Waveforms show a highly 
resistive, obstructive pattern. B, Doppler waveform from normal contralateral side shows a 
low-resistance signal. 
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Fig. 2. Arteriogram of patient with left ICAD shows a long, tapered narrowing. 
Dissection may involve the CCA, 12 but it usually 
occurs in the proximal ICA with blood transversing 
into the outer layers of the media of the arterial wall. 2 
Dissection of the distal or intracranial ICA is fre- 
quently subintimal and fortunately rare, because the 
mortality rate has been reported to be as high as 
75%. 13 In our experience, the dissection always in- 
volved the proximal ICA, and in only one case did it 
also involve the CCA. No patient had ICAD that was 
limited to the distal or intracranial ICA. 
Several explanations have been proposed for neu- 
rologic symptoms and stroke that result from ICAD. 
Most events are thought o result from embolization, 
possibly from an area of carotid thrombus formation. 
The local thrombus may result from altered flow 
patterns or local arterial wall injury. Cerebral hypo- 
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Fig. 3. Arteriogram showing dual lumens extending to distal ICA. 
Fig. 4. Arteriogram demonstrates segmental ICA occlusion with distal reconstitution. 
per fusion and insufficient collateral blood supply is 
not usually thought o be responsible for symptoms.1 
Although some patients who have ICAD will 
present with a fixed neurologic deficit, 21% in our 
experience, we found most patients who have ICAD 
usually initially complain of headache, neck pain, a 
transient neurologic event, or eye problems (amau- 
rosis fugax, oculosympathetic palsy, or eye pain). 2'14 
All patients in our study had at least one of these 
symptoms. We did not observe syncope, neck swell- 
ing, 7 pulsatile tinnitus, or cranial nerve dysfunction as 
reported by others. 4'ls'16 We found a carotid bruit or 
focal neurologic findings were not usually present. 
Appropriate recognition of the prodromal symp- 
toms is important because it may allow for early 
diagnosis and initiation of treatment before the de- 
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velopment of stroke. In our experience, five of 19 
patients (28%) had a stroke after promontory symp- 
toms were present for hours to days before the 
diagnosis of lCAD. We found that this delay resulted 
from patients not seeking immediate medical atten- 
tion or from the initial evaluating physician not 
suspecting a dissection and therefore not obtaining 
early radiologic studies. 
Contrast arteriography as traditionally been the 
most accurate study for diagnosis of ICAD. 12 Typi- 
cally, the involved artery shows a "string sign" with a 
long tapered narrowing, 9 and this was present in 14 
arteries (50%) in our study. Other findings include a 
double lumen, segmental stenosis or occlusion, a 
membrane or flap, or multiple scalloped narrow- 
ings} sOur experience confirms other eports that the 
arterial changes usually begin in the proximal ICA 
and may extend to the carotid siphon, although the 
intracranial ICA is frequently normal. 2aa 
Duplex scanning has been increasingly used in the 
evaluation of patients who have suspected ICAD. The 
Doppler-component findings that indicate dissection 
include a high resistance waveform in the proximal 
IGA, reduced velocity in the ICA compared with the 
contralateral side, an altered resistance index com- 
pared with the other sid@ and two separate ICA 
frequency curves on spectral analysis} 2 In addition, 
there may be a temporal fluctuation of signals or a 
short systolic flow signal} 'n'13 In our experience, 
reduced velocity and high resistance in the ICA were 
frequently present, and these improved with resolu- 
tion of arterial changes. We did not usually detect wo 
separate ICA frequency curves. 
The ultrasound component of the duplex scanner 
will often show a double lumen with an intimal flap, 
minimal atherosclerotic changes in the arterial wall, 
"occlusion" of the arterial lumen, a narrowed lumen 
with intima overlying intramural thrombus, or a long 
tapered stenosis} ,n,~2 In our study, the most frequent 
finding was a long tapered narrowing. 
Advantages of duplex scanning over arteriography 
include the ease of obtaining the test, the ability to 
detect intramural thrombus, and the ability to provide 
hemodynamic information on the severity of arterial 
stenosis} 2 The relatively inexpensive and noninvasive 
nature of duplex scans have made them ideal for 
observing the natural history of ICAD or response to 
treatment} 2,1s'17 Because patients who have ICAD 
are at increased risk for contralateral ICAD or verte- 
bral artery dissection, 4 duplex scans can also monitor 
the status of these arteries. Limitations of duplex 
scanning include imaging the distal ICA, detecting 
emboli, or evaluating intracranial arteries, ~2 but we 
Fig. 5. Arteriogram reveals severely narrowed ICA from 
spontaneous ICAD. 
have not found these limitations to affect diagnosis or 
clinical decisions. 
Other diagnostic tests may further assist in the 
evaluation of patients in whom ICAD is suspected. 
Transcranial Doppler can detect intracranial arterial 
abnormalities, nat While we are gaining increasing 
experience with its use, it was not used for patients in 
this study. Magnetic resonance angiography (MRA) is 
reported to be both sensitive and accurate in the 
diagnosis ifICAD, l'<lsa6a9'2° Many of the patients in 
our study, however, were treated before MRA became 
easily available, and we have not used MRA in 
diagnosing ICAD. Others studies have found that 
computed tomographic scans can accurately identify 
ICAD and recommend them for diagnosis. We have 
found duplex scanning to be inexpensive, readily 
available, and increasingly accurate, and think it 
should be the initial study on patients who have 
suspected ICAD. MRA or contrast arteriographic 
studies may be subsequently required, however, to 
confirm the diagnosis or detect intracranial aneu- 
rysms.4 
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The approach to treatment has continually 
evolved as the natural history of ICAD has become 
increasingly understood. Multiple studies have 
documented the frequent resolution of arterial 
changes. 5,9,21,22,23 Most recanalizations occur within 
1 month, but can occur as early as 7 days. Pathologic 
studies have revealed, however, that healed arteries 
may show residual vascular abnormalities, including 
kinking, fibromuscular dysplasia, or residual mural 
defects. 9 Other studies have found some stenoses 
may progress to total occlusionY 1,24 
In our study, 19 arteries were studied during 
follow-up with duplex scans, nine of which also were 
examined with arteriography. Five of the artcriograms 
were obtained in preparation for operation, two be- 
cause of a new contralateral ICAD, and two for rou- 
tine follow-up at the discretion of the treating neu- 
rologist. Duplex scan found frequent improvement of
the dissected artery. Seven of the 19 arteries that were 
evaluated with duplex during follow-up showed no 
residual evidence of ICAD, and 12 arteries had re- 
sidual stenosis or occlusion. When dual lumens were 
identified on initial studies, we did not usually find 
both to be patent. We most commonly noted throm- 
bosis of one lumen or simply stenosis of the ICA. 
Most authors now recommend anticoagula- 
tion as the initial treatment for ICAD.  5,11,14,22,25,26 
These studies have noted resolution of arterial 
changes and a low incidence of progressive or recur- 
rent neurologic symptoms after the initiation of 
heparin and subsequent treatment with war- 
farin. 5,11,22,25,27 Most of these studies have involved 
small numbers of patients, and in some the duration 
and nature of treatment has not been specified. Some 
reports advocate 3 weeks ofheparin, 27 whereas others 
continue heparin only until warfarin is therapeutic. 
Anticoagulation is thought o reduce the risk of em- 
bolization and prevent the extension of thrombosis.12 
We found that no patient had neurologic deterio- 
ration after the institution of either aspirin or heparin. 
Whether this represents the natural history of the 
dissection or the effect of treatment cannot be deter- 
mined. We treated 12 patients with anticoagulation 
alone, six with aspirin, and three with both. These 
small numbers make it difficult o detect adifference 
in the effectiveness of therapy. Our current approach 
is to treat patients with heparin followed by warfarin 
for approximately 3 months, and then to continue 
with antiplatelet medication. Our data, however, do 
not allow us to recommend a specific duration of 
warfarin. The use of aspirin did not prevent contralat- 
eral ICAD, which developed in two patients in our 
study. 
Operation has been advocated for patients who 
have progression ofneurologic symptoms after treat- 
ment with heparin 11 or the development of an ICA 
aneurysm. 28'29 A variety of procedures have been 
used, including CEA, EC-IC bypass, carotid resec- 
tion with vein graft interposition, and thrombec- 
tomy. 12 The distal extent of disease may preclude 
isolated cervical procedures. 1~In our study, six pa- 
tients underwent operation for residual arterial ab- 
normalities. Two patients underwent surgery for 
occlusive disease. One underwent carotid endarter- 
ectomy (CEA) for residual atherosclerotic disease, 
and the other underwent EC-IC bypass. Neither 
patient had symptoms before the operation. Al- 
though the ICA occluded after CEA and the bypass 
thrombosed, both patients remained without symp- 
toms. On the basis of this very limited experience, 
we cannot recommend operation for asymptomatic 
patients who have residual occlusive disease. 
Patients who have ICAD often develop an ICA 
aneurysm, with the incidence in some reports being 
greater than 20%. 2 Although operation has been 
recommended for these patients, data on the natural 
history of the aneurysmal changes or the benefit of 
surgery is limited. In our study, eight ICA aneurysms 
were identified. Four were treated medically, with 
resolution of aneurysmal changes in two and persis- 
tent aneurysmal changes in two. Four patients under- 
went operation for an ICA aneurysm, with two 
arteries ligated, one resected, and one treated with 
ligation and EC-IC bypass. All eight patients re- 
mained without symptoms, in two cases despite ICA 
ligation. Although we think an ICA aneurysm is at risk 
for thrombosis or embolization, we cannot recom- 
mend routine operative repair on the basis of our 
experience. 
Studies have found that patients who have ICAD 
are at risk for recurrent or contralateral dissection. 
Reports from the Mayo Clinic have noted an 11% 
recurrence rate at 10 years, with the risk greatest 
during the first month and then about 1% per year. 4
Younger patients are at greater risk of recurrence, but 
other studies have found they have a better prog- 
nosis. 9 In our study, 19 of the 24 patients were at 
risk for contralateral ICAD, because three patients 
died early and two others initially had bilateral 
ICAD. Contralateral ICAD developed in two of the 
19 (11%), with a mean follow-up of almost 10 years, 
similar to the Mayo Clinic experience. In addition, 
our results confirm the excellent long-term prog- 
nosis for patients who survive the initial dissection, 
with almost 90% alive at 10 years. 
Although the benefits of long-term aspirin or 
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anticoagulation medication have not been proved, we 
think that treatment with anticoagulation for 3 
months followed by antiplatelet agents is reasonable 
and may reduce the risk of recurrent symptoms or 
contralateral ICAD. Duplex scans are useful in iden- 
tifying residual arterial abnormalities, although they 
did not alter management in our experience. Fol- 
low-up duplex scans hould be performed to identify 
recurrent ICAD or contralateral dissection. Despite 
the duplex findings, however, our results do not 
support the benefit of operation i  either the early or 
late treatment of ICAD. 
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DISCUSSION 
Dr. Rona ld  J. Stoney (San Francisco, Calif.). The 
authors have reviewed atwo-decade xperience with ICAD 
at one hospital to determine the usefulness of  duplex 
scanning in establishing the diagnoses and developing 
treatment strategies for these patients. Their study encom- 
passed 24 patients, predominantly men, and two thirds of  
the dissections involved the left carotid. Surprisingly, only a 
fifth of  the patients were hypertensive, and even more 
unusual was the fact that only one patient was identified 
with ICA fibromuscular dysplasia. The neurologic symp- 
toms involved the ipisilateral cerebral hemisphere in 15 
patients (10 TIAs and S strokes), whereas eight patients had 
ocular symptoms that predominantly involved the sympa- 
thetics (Homer's syndrome). Twenty-three of  the 24 pa- 
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tients therefore had the target organ, the brain, affected in 
two thirds and the eye in one third of the patients. 
The diagnosis was made in all patients by an arterio- 
graphic scan performed within 6 to 24 hours of the clinical 
diagnosis. This arteriographic diagnosis led to a therapeutic 
strategy, usually anticoagulation with warfarin or with 
aspirin either alone or in combination with warfarin. Duplex 
ultrasound was used in 17 patients who had 19 ICADs (two 
were bilateral). The scan was obtained within 24 hours after 
the diagnosis was suspected. We do not know, however, if 
this was always before or after the arteriogram. This 
prompts my first question. Could the authors clarify this 
confusion? Furthermore, was the duplex scan performed in 
the absence of knowledge of the arteriographic f ndings, or 
were the results of the two studies integrated in arriving at 
the diagnosis of ICAD? 
The results of the duplex scan were positive in 18 of 19 
arteries imaged. The B-mode findings were described, as 
well as the Doppler velocity profile for these vessels. This is 
important because the location of the ICAD is usually in the 
middle third of the ICA, an area that may be hard to image 
with current probes for the duplex scanner. What part or 
parts of the actual ICA dissection, which showed the 
luminal abnormalities they described, did you actually 
visualize in your study? 
Among 21 survivors, all received some pattern of 
anticoagulation medication, alone or in combination with 
aspirin. How did they use duplex sonography to direct his 
therapeutic choice? In four patients who later underwent an 
operation, what role did the duplex scan play? The four 
operations were a carotid endarterectomy that resulted in 
ICA occlusion after surgery; an EC-IC bypass procedure 
that occluded after surgery 4years after the ICAD; and two 
patients underwent intentional carotid ligation procedures 
that resulted in ICA occlusion. On the basis of the patients' 
preoperative status and surgical outcome, were the duplex 
scan findings used in the decision to perform these treat- 
ments or later management of the ICA occlusion? 
I found their paper an interesting retrospective study of 
ICAD. I hope Dr. Treimon will help me understand the 
actual role of duplex ultrasound, which his group uses 
currently, when managing a patient with suspected ICAD. 
Do you use the duplex scan alone or in combination with 
arteriographic s ans or have you evaluated MRI, another 
excellent imaging method for patients who have this dis- 
order? 
Dr. Gerald S. Treiman. The Duplex scans were 
obtained before the arteriograms. Patients who seek medi- 
cal attention with cerebrovascular symptoms are now rou- 
tinely evaluated initially with a duplex scan. 
The duplex scan showed arterial abnormalities sugges- 
tive of distal occlusion or stenosis. The diagnosis of ICAD 
was definitively made, however, after the arteriographic scan 
was performed. We did not base any treatment decisions on 
duplex scan alone. We still do not treat solely on duplex 
findings, and routinely obtain arteriograms to confirm the 
diagnosis. 
During follow-up, if we identified arteries on duplex 
scan that had residual occlusive changes or severe stenosis, 
we obtained an arteriogram. We did not operate, either 
initially or during follow-up, on duplex findings alone. 
Because the patients who had occluded arteries remained 
without symptoms, no further intervention was under- 
taken. 
Our current approach for patients who come in with 
cerebrovascular symptoms i to obtain a duplex scan. I f  the 
duplex scan suggests atherosclerofic disease, we proceed 
with carotid endarterectomy if indicated. I f the duplex scan 
and clinical presentation suggest carotid dissection, we 
obtain a carotid arteriogram. As for the future role of MRI, 
although we think it may prove useful in evaluating patients 
who have suspected ICAD, we have no experience with it 
for this indication. 
Dr. Stephen C. Nicholls (Seattle, Wash.). You had two 
deaths. What were the causes of death and how do you know 
what they were? 
Second, in giving these patients anticoagulation medi- 
cation, you're addressing one part of two possible mecha- 
nisms of stroke. That is to say, you're going to prevent 
thromboembolic stroke distal to the narrowing or the 
occlusion. Did you perform any tests that suggest that these 
might be watershed or hypoperfusion strokes? 
Dr. Treiman. The two late deaths resulted from 
myocardial infarction. As for the cause of the strokes, all of 
the patients underwent computed tomographic scans that 
showed ischemic infarctions. None were hemorrhagic. We 
did not attempt to determine whether they were watershed 
infarcts, hypoperfusion, or embolic. We do not have those 
clinical data. 
Dr. Wiley F. Barker (Los Angeles, Calif.). Some 22 
years ago, we reported our experience with this unusual 
lesion. In our experience these lesions might seem to have 
been spontaneous, but usually an episode of very minor 
trauma to the neck could be identified, such as sudden 
deceleration i jury or the simple act of throwing one's head 
back to begin a tennis erve. The impressive point in all these 
patients was that they were young people who had an acute 
onset of symptoms that often led to a cerebrovascular 
catastrophe and death. We had no pathologic material to 
work with, but we suspected that fibromuscular hyperplasia 
had been the underlying anatomic etiologic factor. The 
upper extent of the lesion is such that direct reconstruction 
is nearly impossible, and ligation of the ICA to prevent 
further embolizafion may be necessary. 
Dr. Treiman. Patients who had a clear history of trauma 
were excluded from this series. It is possible that some 
patients may have had a minor traumatic episode, but as far 
as we can determine, no patient had trauma s the inciting 
event for the dissection. 
Dr. Will iam Foley (Fullerton, Calif.). It seems like 
you basically treated all dissections with anticoagulation 
medication, except for the aneurysms that were ligated. I 
was wondering about he timing of the development ofthe 
aneurysms. Is there subacute or chronic development of 
carotid artery aneurysms secondary to dissection? If some of 
the aneurysms are higher up the ICA, are we going to 
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identify all abnormalities by performing a duplex scan on 
the proximal ICA? Is there a role for follow-up angiographic 
scans or not? 
Dr. Treiman. The aneurysms were identified on the 
initial arteriograms. Duplex scans cannot identify them if 
they are in the distal or intracranial ICA. Unless the 
aneurysm is identified on the initial arteriogram, or unless 
an arteriogram is obtained uring follow-up, the aneurysm 
will not be detected. In our experience, however, there'was 
no benefit o operation. The four patients who had an ICA 
aneurysm who were treated without surgery remained 
without symptoms during follow-up. 
Dr. Hyman Gaylis (San Diego, Calif.). Do I presume 
that if you had to operate for a high lesion today, you would 
perform a cervical-to-petrous carotid bypass procedure? 
Dr. Treiman. I have no experience with EC-IC bypass 
procedures for ICAD and cannot recommend it on the basis 
of this review. 
